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N u s h e n k o , Mo !  vavko et a I . , 
2 a n d  P u t :  Un t i l  - S c o t t .  \ I a rgc  -

s 1 gnu  I c o u n p u t  e’ r s i mu I a t  1 on p r -o g ra ni n  has hee ni d c i i ’  I oped by

K o o v e  ~s a r id  S h a w .  ‘[‘li e cx I ) c 1 1  ni ( ’r i t a I tube ht i  I I t by Say  I ‘ v c v

a nud  K us  l i en  ko hi as a I ow powe r output 1)1 5(1 - 1 ( 1  i )  nW. liii’

Va r ’ i  : umi  t uhe s h tn ~ I t  by  Pu t: u ni t  Scot t ~ ope r a t  c’d a t  n n t r c  ii h i  Ch e  r

~~O W C  r’ - l I o u ~eve ’ r’ , I ou~ b e a m  t ra ni snni I ssi ott a t i d  ose i I I a t  i ott 
~~ 

i-ui) -

1 e m s  p r e v e r t  t ccl t U cnn I r’ouin he i ng t ib  I e t o ope nt  t c’ t lie t t n I ) e  ~ a t

it i g it current levi’ Is. lt irt }ie rui ior e , t h e  c on ru pui t c i  ; i t i u  ly se s

I . V .  S. Save  I ’  v c v  and  G . I . K u s h c ’n k o  , Ra d I o l u i ~~. a t id  l I c e —
I ron i c  Pli ~ ’ ’~ . , V i )  I - 1 5 , No . 1 2 , op .  2 1 0 7  1272 ; I n 7 i i  -

2 .  . I . Mo 1 y a v k o  , ~‘t  al . , R ad  n o  I n t ~ ari d I I  cc t r on  i c  I ’ I t s s
v o l .  I t t , N o .  8 , pp .  1330 - I 3 3 5 ;  1 ¶Y~ I

3 . . 1 . I~ P u t :  arid A . . S c o t t  , R ep o r t  I COM 75 - ( I l - I S  I • LI _ S .
\r unv I k - c t  r unt  t c s  i o i i i n i : n n i c l , l o i ’ t  M o n n t i o u i l  Ii , N J ;  S e p t  . I ~t 7 - I  —

1 . C . P. K n o y c  r ’-~ a n d  F .  K .  S h a w  , f i n a l  R e l i o l t  ( t I M  7.1 - ) ) 3 T 7  F ,
I I .  S.  A i i v  I 1 e e l  r on i cs ( ;ouni ioi nd , I~~ r t  \ l u n i i n u u  iii , N i  ; N o v  . 1 ~~~ 5
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its Ccl Iii t lie Se s tu el  i us  d i d  n o t  u t  I 1 i ze t h e ’  uuuos  t i l l )  — t u Ju t i ’

t cc l i i i  i q ue s  a v a  I l a b  Ic  and so i i i  c - l i - c t  r i C h o t t n d a  r i i - ’ we ’ r i ’ n t c - g

l e e  t ccl .

I n  ordc ’ r to avo I d  c o s t l y  c x p e r i r i m e n t s  I a )  er , titer - c- i

a c 1 e a r  n eed t o  d o v e  l o p  an e I cc- t r’omt gut i ii na I ~
- s I s 

~ nog r a I n

to  f ac  i i i  tate’ t hi ’ des  i gn of a rd I ab  Ic e l e c t  u oni gu m a t i d  iliag-

n c - t i c  f o c u s  i n g  s t r u c t u r e .  Th e  st u d y p r e s i ’n t c - cI i n  t i t i s  r e p o r t

i s d i n ected to that ob jec t i v e .

13. I ’ op i c s o f I n v e s ~J~~a t i o n

t h e  p u r ~iose  of  t h i s  s t u dy  i s  t o  f o r n r i u l a t e ’  d c s i g n t s  f o r

an  electron g u n  and a com pan io u n n a g n e t  ic f o c u s I t ig s t  n u i c t  t i r e .

\ computc’ r program has been u t  i l  i :ed  t o  s o l v e  lot -  t h ic  n a g

rie tic f i e l d  s t r e ng t h  t h r o u g h o u t  the ti ta gn t etic f’oc im sin ig

s t r u c t u r e .  W i t h  t h i s  p r o g r a n u l , t h e  r e q u i r e d  n u u a g t t c t  i c  h e l d

c a n  be s h ap e d  by v a r y  i n g  t h e  c u r r e n t s  i n  s e c t  i u m i a i  I :ccl

f o c u s i n g  co i i s .  The m a g n e t  I c  f i e l d  calculat cd is t lien

c’o n f i  runed  b y d i  i -oc t  m e a s u r en t e n i t an d su ~ip 1 l e d  as i n p u t  t o

t t i e  I ) e f o i - n m a h l  c M e s h  F I ec t  ron  Cur t  Des i gn Pi’ og n ’a m n . By t h e

a i d  o f  t h e  g u n i  de~ i gn i  p i - o g i - an l n , t h e ’  c f f e ’ e’t  ti p u t i  h e ’ au un  t r a n t s

tnt i s s i o n  by v a r  i ot i s  e l i  St r i h u t  I o t i s  o f ’ m a g n e t  I c f t  c’ I ds i a  n i he

ea s 1 1 i~ i n v e s t  i ga t e d  . ‘i’Ii c’ semi s i t  i v u t I c’s o f  t l i i ’  t ot a I e’r i  r r i - r u

a n d  the ’  c- a t h t o d c  c u r r e n t  d e n i s i t ~ ’ t o  t h ì e  c h a t i g e s  i n  t l t e  l o c - ;n

t I on s  a rid t lie t o  i t  agc ’s of  I l ie c a t  hod - , a n o d e  u n i t  l u c -u s  u u t C

e l e c t r o de s  can a l s o  he d e t e r ’ r n i n e d .  t t v  a p l ) n - o I ) r i a t e l v

s c l e ’ c t i n g  the ’  l o c a t i o n s  and v o l t a g e s  o f  e l e c t r o d e s , t h c ’

des i m c d  beam c t u r n ’ e n t  and b ear n i  po wi -  n c a n  he i’ e’a I I :c’d

—- — 
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\ i i  exp el- i u n cut t a I t ube w i t ~ ~ I ra I Rb I t ’ tuc  t ott - rep I a i’d

h \  s u m i o o t  U m u i e t  a !  con i cluc - t  o r s  has l ) e ( ’ m i  b t i  11 fas ed ott t l ie  r - c-- ~ u r  I i

o f  c’omli l )tl t c- t’ atia l ys is . Measui - eunents have’ b een a t  t en npt (‘dl to

y e n’ i Iv t h-ic ’ t lic’ o r et  I c’a 1 r’c ’su 1 t s - iloweve’ r , t hu e I i th i c ’  1;u I I ( ‘dl t o

o p e r a t e ’ d u e  t o  lab  r I c a t  i o t t  p t u b  I c ’ mu i s 1) 1’ f ’o r e  I he  f ’ I n a  I t es I at

f u l  I h e a n u  ()o~~c’ i’ coo id  he u n a d e  . A i’edes I g ut i s  t’ e c o t iu i i ue t t c l c - d t o

ove  r u _-Din e  t h e s e  P rob  1 ( ‘ills .

- R e p o r t  O~ g ; i n i : 3t  i o n

Tb i s  r - epo i - t i s  o r g a n  I :ecl i it t 0 seV ei ’a I sect i o n u s .  I n

Sc’ c t I on I I , a h i - i of  d i s cu s  s i on of  t he lie lo r ina h I c M e s h  I I  c - c  -

t I — o n Gu n  I ) es  I gui P u ’ogr - an i  i s  pn ’ e s c ’n t  c’d . l iii ’ d e n  a i I s  o f ’ I i i  I

p rog ra in  can he fount d in t tie’ usc’ m s  ‘ rnaniua I

Sect ion I I I  is devo ted to the’ ele scn i pt ion cii (lie

l )eforiuab le \lc’sh Fleet roiitagnc’t lk’si gm I’ n- o gu ai i i . ‘t hu is

i s usc’d t o cal cu l a t e  t he inagni e t ‘cc I t  c ’Id st  i ’eto ~t U w i t  h i  i t  t tie

focusin g st nt nct ti r c’. ‘lb i s  s c - c t  i o n  a I so u e p o n t s  on the effort

to S ha ~~ t I -ic iu iag r ’u e t  I i- ii el els . Exper I nne’ut t a I m - c’ suu Ii S a Fd’ fuuut ,h

to agree c l o s e  I i~ i t  U t he t hieo my  i n  t tic’ 1 ou~ c iii m e n  I , I

magnet I e’ ii e I dl i-a se s - I~~i r ’ ii i F h m a n  et I c f’ It ’ I ci , s a t  ii  t a t  i l i i i

I ri t lie cent t e r ~0 1 e p I ccc  ri -due e~
; I tic :ucc uu i a i v . l i i  a rc ulc ’ S I gnu

th e ’ center p ol e: p i c ’ ce  u~ I 1 1 h e cha ng e d to c-I i n u t nate sat u n i t  i ott

c’ fleets .

Sec t I ( t ~ t 1 V o u t  I m i t e s  t tic’ dc -s i gut ~ roc (’dun nc . I t  o f l e m s

met  I t o d s  t o  coni t r’o I t he t u t u !  he~u n t t c u t - r e n t t  , I l i e  h e a r n — I i  I I i ng

f a c t o r  arid t he  c-at hod t ’ c’- tr i ’ et i t  dcii  s i t  v . I t  a I so  i t t  yes I n ~‘~ l t i’s

t tic’ c I f e e t  s o f ’ I oca t I uri s ar id vu I t  :1 gc s u I I lie ’ i~a t  h t o d l e a m i d

e l e c t  r o d e s .
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Sec t i o n  V desc  r I he  s t h e  st  rue t t i r e  of  the c - I  cc ’ t roi l  C H i t

a r i d  e x p i  a i t i s l iii ’ r a t  i ona I c  b e l t  i mid t h e  cot i  I i  g u n - a t  i on - I

a l s o  d i s c u s s e s  s on n tc  s p e c i a l  f e a t u r e s  i i i  t h e  f a h r i e a t  n o m m .

‘FUc t u b e  c o n t s  i s t  s of ’ t It n_ cc’ ma i n - i  pa n t  s mag m i e  t I c  lou. m i s  i m t g

s t r u c t u r e , c ’l e c t  n- o n -i g u n - i  until t’a e ’ uul it u_- l t a t i i i e m -  -

I n  Sect  i o n  V I , t lie ex ~ii’ F I in l et - i  t a  1 r’ e su  I t  s a me  cli s c u t . s e I

i n  c l c t a i  1 . R e c o t n i r i t e n i d a t  i o t t s  a r e  t inad e  f o m -  irnod i l i c : i t  i o u t s  n i t

the f a b r i c a t i o n  of the t u b e  w h i c h  w i l l  c i  i ln t I n l a t c -  ( t i c ’  p m - u h t I ( ’ l i l ’ ~

e n c o u n t  e red d u n -  i r ig t he i ln easu  r c n r i e n  t p rog m - ani i .

F i n a l  I v , Sect  i o n t  \ - I I s u u u t m u a r i  :es t h i s  s t t i c l ~’ , se t s  u n i t

t he cone  I us i ons  anel o f f e r s  r e c o r n m n e n d a t  I o t i s  f o r  f l u  t ii  rc st  l i l l y  -

.—‘ — . ‘ - - - -‘~c -‘ -. ~~‘ - ‘  - ~ ‘_i ~~~~~~
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— ; I . (  I I ON I t  - 1) 1 . 1 u (R ’IARI~I. M l : S U  I :LFC1 ’RON GII N I l l - S I G N  PIU)CR \\j

- - Int l rc ’cI tic t I O f l

Situ re- it A pp I i cat I oti s , I nc - ( S-\  I ) has dcvi’ I oped :nc l v ;n t i i ’c-d

tee’ l i n t  i q u n e s  f o n  c - I  c c ’ t t ’ont - guru ti c -; i ~~i wI t i cli a n ’ - ihn ’t’d I I y a p p  I

c able t o  t h e  RB’FI ~’’ I ’ e l ee’t  n u n  g i u t t . l i i i -  t t e f o i ’ n t a h  I c  M c ’ s b i  I i  c’c ’t  l ’ ( i i i

Gu t i  lIes i git P n - og n ’ ant t  I s c’a p a t  I e of ’ ae ’ c u m - a  t e a n d  r a p  i d c- c - a I ti a t I ott

of an in i t I a I des  i gn and it s  uilod I f i  cat i on-s -

i’hic run e l I n ient s of  ci  cct r ’on gun ana lvs i s  U c l i  g I t a l  c o r n —
- I i

h . e i t c ’ m’ ~i r ’e t’.cI I d o c u m n i ’n t e d  - 
‘ - \ h o - s t  progt-ain s map t tie geuiui c’ t F V

o f’ t hi ’ g u n  ciii a n’ cc t angula r mues It 1w an cit-
_
c’ r ri- I ax r i  I I on I i’c’l i —

n I ctue and as _sumi u e ant I mi i t i a 1 cl-ia rge i ll St t ’ I hut I ott . 1:1cc t r’on

t raj ector I es a r e  t bent cal c’u h a t e d  f r o n n  ( lie c o t i m p u t  ccl po t  c ’n t t I a 1

d I s t r i hu t 1 ott  t o  o b t  a i n  m o  r e  ac’e’ i i  i-at c’ vu liii ’ s of ’ I lie space’

• charge. ‘l It  i 5 p r o c e s s  i s i t e r a t e d  t o  o h t  a i l l  a sc- I f - c o n s  i s t  e n i t

s o l u t  I or-i .

• ‘l ’h ’n e  S\  I lI e ’ f ’o m - ni t a hi I e Mc ’ s Ii I ;  1 cc t n - ot t  G uni  P i - O C t a u t  uses ;n

s i n n i I a n  s t r a t e g y  t o  s o l v e  a sp a c ’ e — e - h i a r g c —  I i n i u i t e c l  h e ; n n u u  I o n - r u i n g

‘~
y ~t ~~~ h l o w c ’v e  n - , ant i iilpo i t  ait I ;in cl 11 th (~~Ic’ f e at  ti r’ e’ of ’ I it I s

r og n ’ . i t m t  I — it s u i- 5c ’ of ’ a d c  l ’o n ’ n u i a h  I e n i m e s h i  1 0 a c c t u  n a t e ’  I y m O t h -  I

I - ‘I’ . K i r’ s t e in u n t i l  .1 . S. Ito t ’m i shy , I l L  I I n- a rt s — ott L I cc I n ’o ni
\ lIc e i c e s , t o  I . LI )— I I  , N o.  S , pp. 191 2 (11 ; Ma I iui I -

I ~ hl ;tm ::i and G.  S. K i n t o , 11111 ‘ t r a n s .  ot t  l l c ’ c’ t i n n  11ev icc ’s ,
t o  I - 1,!) — 1 1  , No. 1 , PI~ — I ¶ 15  2 ( 1 ! ;  A p i -  — I ¶ ) h ’

\~ 
- I l a n i u : a , l I T ) . T t - ; n i u s .  o n l ie ’ c’t  run h ) -v i c ’ c’ -s , t’o I - hi I

\\o. 5 , pp. IS~ - 1 ( 3 ;  M:i~’ I ~)nui .

~~
. \ . I. . Boers , k-eli . Report N o .  RAI 1 C - ‘I ’R ’ ( i 8 -  l~ ’5 , Route A i r

l~ç’ v i - l o p i i i t - n i t  Cem t t e’ i , - \ i  I I o n c c  S v s t c n n s Co n nmnu i a nid , Cr - I H i s s
A kr F o n •e e  Base , NY ; Ap m ’ - I
R .\ B .  T n ’ m i e  , ‘‘Spac - c - Cha i gc’ - 1 . 1 u I  it ccl Re’auui F ort l i I ng S st  (‘ti i s
Ati; ~ I v zed hv the Met h o d o I Sc- I I ’ — Cons  i s  I ent 1 u e 1 ds u c l t  it a

~ u) 1 ~ 1 uo ti 0 I Pu i -
‘ son ‘ I q ut a t I on oit a li- 1o i’rna U I c Re I 1 .\ ; m t  i ou t

M ” 5 t n\, ” l ’li - I) . t h i s  i s , I l u t  n y e ’ n s  i t s ’  of  C u m i n - i c e  t I C u t  ; I ~G’ 2.

\
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t lie t i’li e p Ity ’— m c ’a I eon li gu i’;it i o n  , an app roac’Ii wit i e lm li ; n — ;

p i- ot-’en l’a r supe’ n’ I on to t he c o n c e i t  t i o n a  1 i- i’c I an g ~m I a i — mum i - s lu

m i n et hto c l . .\ccuracv is gic ’at I > ’  i u i c r c a s e d  h ec a u i sc ’  dc - f o r t i u i i h l c ’

n n e s h t  1) 0 1 i t t  s a n’e ~mdj us t cci arid so ai’ c i-cad i Iv ~-i I ac’ed otu

P i i y s  i c:I 1 l ) o u n d a  r I es , not s I l i t ! )  I ~
‘ mi t -a n’ I lme ’ p im - I - u n  i I  l ie  n’i n o r c

i m m es l t  p o i n t s  cant be c o n c e n t  r a t e d  i ni c’ i ’ It I cal r- c’’, ions of ’ t l i e -

gun t o g i c—c n ua ~\ I tuuum :nc’cun’ ac’> u~ l i e n - c  n c ’u_’cs si I’ - Bc -c ;n u i - s d ’ 0 I’

t h e  a b i l i t y  to use a hi i gh mesh dent s i t v  O t t  Iv t’ i i cr e  i t  i s

need ed , a ty p ical prohie n it tc~~ I I  r e c i u i r c ’  I e u ~cr  p o i n t s  i t - . i t u ~

t h - ic di’ f o r n t t a h  I i’ n i tes l i  mite t h o d  ru t h - ic- i’ t h a n  t he n ’e-c’ I ;i mt in  I a n ’

m m ie s h  m n u c t l n o c i  - I V h tc n’ t (Ii i 5 prog n’;nu is - L i sec l , a i t t  i- v u - t I e’ ; i t  l i c ) c t u ’

and  g r i d s  m m i ay  be a i t a i v : e d  e a s i l y .

B . ( ;clicra I ~4c’t hod

t h e  h ) a s i c  s o l u t  i o n - i  pi ’oc’c du i i’e I - s or ul I i n i c ’ d  l i t  l I t i ’ I

c h i a r t  s l t o t ~n I ri 1 : 1  i~ I — ‘I li c ’ tile ’ I hod u f s l u t i  i i  n s s u n u u l i s u  n I :edl

i ni t I - i c ’  l o l l  ou~ I m tg  -

- Gcu ien-a t I on of ’ Bc’ l o r i i i ; n h  I c  -\ l e s h u )
~~‘ ‘ f~ i i -  Ho-

s 1 mu I at ott can hi’ s t a r t  i’d , a tune  s h i  i n i u s  t I ’  ~~‘m i e n - n t ‘d ~ Ii u eli

o u t  I l i i i ’ s t h e  geo u tu c  I rv of the ’ g u t m u  a t n c l  d c  f
_

I l i e ’ S I lie u s  i t  I ‘ ) l t

of  c a c t i  no d . ‘h U e’ I ) o u n i d a  r l  c’s 1) 1 ’ I t i e i - I  c~i I i o n  - m u  ri n d’ i u_ cu

as I n I ’ o m t  tIn t a - A sa t  I s fac to m ’y m mii ’ t b oil  c a n t  h ’ , ’ de~ r- I vecl by

fo n-nru I a t  I r i g  t lie :omi I rig 
~ 

n - oh )  I c lii  as a P °t  i i i  t i a  I P i’ u l i  1 cnn , h I t ft

t tie lim e’ S hi I i m i c ’ 
~ 
lay i n g I lii— ro It ’ o I a in eq u i l o t  Cr11 i a  I — ‘I ii e~

i tog r’am computi’s t lie itos I I I on t s o f  int l e r - i o m P° I i t t  s h~’ -so I t ’ i rig

t lte !‘o 1 low i ntg lap I ace s e q m i a  t i o n s  us i rig (lie’ uiue’ t h o d  a I S L I d ’

C c - ;  S n ye o Vi- r re 1 ax a I i o n :
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Here i’ at i e l  2 a n’ c’ tI - ic act it a I coor d I min i  I c’s o f ’ c’ac ’ t u  n i o d e

and I and _ j are t I - i c I nd I c ’ es o I’ t lie node on I t i c ’ c o o  i d  I n t a  I c’

mital) . h ach im ies h p o i u t t  i s  c o t i n t c c t e d  t o  s i x  t t c i g h t h u i - i ri ~: nw -sIn

p o i n t  s - ‘I ’h te t e  i m mus n and a nc ’ oht a i t ied  b~’ n’ c- I i e - ;m t c-cl so Iii

t i o r ’i of

r~ 
+ 

~ = r
1 

+ 

~ i= I  
~ 

- 
~ r~~/( I S )
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are l i i i ’  t u m i d  r I I n t l  e m n  I ;u r u nt n n r o h
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\ Iter (lie force on tIne c’ I oct mon htas I-ic -e u co ntl l )u - i t cd l ,

,\ e -w t  out ’ s sec’onc l  1n i c~. m a y  l)e i n t e g r a t e d  t o  g i v e  t h e  n ’ ~ I pu s  i

ott o f ’ tb - i c’ e I cc’ t m o m- i  - Con - i t i rt cia t l O f l  of ’ tb - n  I s p m o e ’ ed it  m’ c-

due c ’ - t h e  t r a j c ’ c t o r i e - s of  t h i e  e l e c t r o n  h e an i u .

C . Dcsc1~~~tU)n_of t
~~~j~s~~~

’arn.

‘I’o run the progn ’ann tb - n e user must supply as input t h e

voltage s of the cathode and electrodes a’~ t e l  I us the tube

ci i m e n s  ion - i s - ‘1’hc coord m ates of all boundar y p oi r i t s  h a t - c t o

1)0 assigned.

‘Fl -i c o u t p u t  con - i s i s t s  of  i i  n e p r i n t e r  o u t p u t  f o r  n i u t n u e - u’ I c a l

r e s u l t s  and  i n c r e n i e n t a l  p l o t t e r  o u t p u t  to  a i d  v i s u a l i : n i t i o m i

and int erp t -etat ion of these results. ‘Fl-i c 1)IO tS d ispla t h e ’

f o l  lowin g :

- Mesh

2 .  I:lectr ori tn’ n u jectories

3. l;c~uip o ti’nt l als

4 .  M a g n e t i c  f i e l d

5.  C a t h o d e ’  e n t r i - e n t  d e n s i t y
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an R I -  in t e r a c t  I Ol’t ~)rOgt-nliii - An c-F leet I vt’ Ri - i nit ern i e t I on 
~ 

mo—

g nn: ; w i t s  t I me a t  hot  Ii RE I’ c- I d c- -an d  spac e — ilia 1’ gc ’ 1’ 1 ci u_ Is nn s we- I I
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FO CU S I ,N G s’l Ru ( ;- I -u!n:

\ .  Int n -oductio i i

‘I l ic ’  r’nidh i nu l —bc-a lit travel imig—wave ttul )e m e- (lnu i Ic -s a m u i a ’~ i c i ’ t  I c ’

Ii u_id in the di n’ e’ct ion - i of mn mot i on  I mi t iic - samc- i a v  as ni i i t i c - a m

ben i nu t  t u b e  i n  0 rcie r to prevent SI) n’ead i rig : n n uu _ I RE — c I rein I I I l i t  c’ I ’

c’eI)t io n i throug h spa ce - char - ge repuls lout . I’li i s sc’c ’t  l o u t  o u t  I I n i c s

t b - i c  d e s i gn of  ni t - i u _ ’ l e c t  r o n u a g r n e t  t h a t  i.. i l l  p m - odi tce - Ibi c’ i u e c ’ e s ’— n m n’ v

u r t a g n e t  I c  f i e l d  i n  t h e  exp et - imc’ n t a l tube.

~\ rad i a 1 nui nigne t I c f I c i  d w i l l  i) e- p rod tice cl I in t h i t hi’ nn m uu
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Each coi 1 i s wound in i three i’ I ect m i  cal l v  i ni su I m e d  s u _ ’ u _ t  i urn - - -

‘I’he muna gnet Ic li e-Id c’an he sh a p e d  by adj us t I rig t h e ’ c u r ’  r u _ - n I  I s
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two con Is i-. i 11 hc bi t  I It ident lea I ly nut - i d cort’ d’sI)oi u_l I m i s ’, s u _ ’ i c i c ’ u t t
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won Id be I nip r ac- t  l i - rn I n I’ n o t  I I~i I ) 05S  11 ) 1 e t o  u _ Ic ) r o t a  Iv t i c ~in I I ‘. - 
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‘l’lic’re fore , a n iunu ic - n’ i cni I t e c h n i q u e  hasc-d on I lic’ lim i i I i ’  - u _ l i  I Ic’ n’ e’ n c ’ e’

nnnethod 1 s used For tb - ic so lin t i on of mn nigne t I c I i  e I ds - I ni I he

fo 1 lowin g sc-Ct I or-i s , t h e  c o i m n p u t  e l ’ p i - o g r n i u u i  for e I cc ’ t r ’ou u u ,tt :uic ’ I

des i gn w i l l  he described. Comr lp u r ’is o nt s h et i-.c -c ni I lie I l ic-ur e t ic - nil
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I)e for m nu ah I s U t Ic ’ : t romn i~~nte t Desi~~n P  ro~~ra imn

\ I)c’ n ’mu u ; n bi I c \)u_ ’ sh F l u _~c’ t i-onrta gm ie t I)es I gm - i P rog rain ehu _ ’t ’ e I opeol

‘ U Il o t s in ge n’ of’ I os\~~1nun muo S Sc’ i er’nti ftc I ,ah o i’:m t ot - v , ilt ti v c ’ m- si iv

C) I (mu I I fo n mt  I n n , I -~ m u s c  I lie n ’ o ’ t o  so l u _ c -  the innu gne I I e’ Ii c’ lu _ Is Ion’

d I I Ic rent t en r ri-n - it 1 c’V\ Is  i n  t h u e ’ t b t i’ c’c co i 1 segment s - ‘F l ic ’  I~ ru 
-

g n- a nn i s h a s  e’d on a i ’ i n i l  t c- - d i f ’lc’ meri cc’ m e t  boil t o - i  so I u _ c  Po i s son ‘ s

equa  t i on - i mi s  dc -sc  r ib’c I by i~
’ im i s i o w .  I I )  ‘t h e  b - i n n s  i C t c-clint i que o I

s o l v i n g  P o i s s o n ’ s e (liiati~\~i i s quite smm iti i ar to (lie el e ct roni

g r u n t  p z ’ogr at n u  i n  Se’c t m or - i I I f n - i l  I ( t i c ’ e’ I cc t n-os I at I c symn tb o 1 s a re

m u _ placed is I t b - i  t hi’ i i eorri’s l - intel I ng rui n n gmt c ’t 05 t nit i c’ s~- u fl i ) O 1 s -

‘I’h c- 0 rog raun n i s di c’ I dec m mu to t U mee pa rt s : ge-n -ic rat i O in 0 1

t lie u_ Ic Iornnn~u U I c m u _ s i t  , so 1 u t  i on-i of Po i s Son ‘ s eq i i ;u t 1 on a n i u _ I  I - i l  o I l  I u t g

of tb - ic- re sults - ‘ft c i i b - iv s l e n !  \ cie u ndm n n c’s and eumr eti l s iii I Inc

c o  i I s mu re ~~~~ 1 It’ d as input - ‘I’ ie out Pitt cons I st s of co hm upu t ci’

I- in - mr - i t outs of ’ niua gnet I c Ii c’ Ic! 5 n - inte l Ca I e’onn up p I o t s of ’ n d ’  —~ In m ur iel

m a g n e t  i c f l u x  - ‘t h e’ r e su  I t s  c n m n u  I)\~ s m n c’eu _ I  ou t  t a p e  o r  u _ l i  sk  f o r

r c - s t n u r t  -
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o f  st  mu u r n  l e s s  s tee I spools to ho I d I I - ic - cci I I s -
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a n n e a l e d  i n - out  isi t i t ve ry- high - i saturat ion was c’hoscnt fo m’ i t s

f n u h r  I e’at  j o t - i  - A snial 1 s lot w a s  n t a ch  I n ed  a t  t he o u t  en  e’\ ’  I I h l d l ( ’  m

P o l e  p i e c e  to  n u l  l o w  a c c e s s  of  ni nni a gnt e ’ t I c  l i e - I d  p r o b e  n i h i d I  I li e-

v a e u u n i  p unmup eomin e ct 1 (i n- i -

‘t h e  w 1 r e  f o r  t h e  coi  Is w a s  I ~ g a u g e  co~-ip e r mna gn tc ’ I w I me’ -

B e t w e e n  t i - i c ’  l avc ’ r’ o f  w i r e  a r i d  t h e  s t a i n l e s s  s t e e l  sp o u 1  , m m

m v l a n - sheet was i n s e r t e d  for better e lect - i - ic i rt s l t l a t  ion .

‘lylar sheets were also placed between successive layers of

w i r e  to i tutp rove the ali g n m e n t  and guarantee the elect n c

i n s u l a t i o n .

-\ t h e r n u o c o u p l e  was eml)edded a t  t h e  ce- m i t e r  of t h e  seco n d

c o i l  to a l l o w  the o p e n - a t i n g  t e mp e r a t u r e  t o  he ni o n i t o m e d .

The nu m b e r  of  t u r n s  and t h e  r e s i s t a n c e ’  i n  the t li r c ’c-

s e c t i o n s  of  each - i  c o i l  are  as f o l l o w s :

= ~ 30 t u n n s  R 1 = 2 3  ~i

= 1 , 2 8 0  t u r n s  t~~ = 8 . 0  Q

N 3 = 2 , 350 t u r n s  R 3 2~)J )  ~2

l a t e r , i t  w i l l  be s h o w n  t h a t  a c u r r e n t  I c - v e l  o f  I = 3. 1 \ ,

= 3 . 8  A and l~ = 2.7 A is suitable for t u b e  o p e n ’ a t i o n l . t~ i t l u

t h i s  c u r r e n t  l e v e l , t h e ’  powe r d i s s i p n u t b i t  i s  a b o u t  ThT ’ w r i t  I s

f o r  t i - i c  en t  i re f o c u s  i rig St  rue  ( u n -  - ‘l ’ii c t c ’t mnpe r n i t u  mc n i t  I t i e

c - e n t e r  o f  t h e  se-cond  c o i l  ( I  e. , t l e  l o c a t i o n  of  t h e  t l i e - r n m t c i -

C O U p  10) r emna I n s he l o w  c 0  ° C f o r  a t  l e a s t  a b - ia 1 1—lion r w I t  I t o - i t t

add i  t I ona 1 coo l  i ng a p p a r a t u s  - I l o w e v e r  , t h c ’  c’o i i s w e’ n e  dc’ s i g n u - cl

t o  o p e r a t e  s n u f e l y  up to  200°C.

A p h o t o g r a p h  of the foc u s I n g St r m i c t  l I m e ’  I S  sh o w n  j u t

F i g .  4 b .
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sb ro u 1 d he us ed l’o r- bc- t t e r f’ocuts i rig , pa n t  i c u  Inn r I s ’ i t n d u _ -  n Ifl c c i i i

c h i t  o n u s .  ~\ s  t hue I cl c’a I b c - an n  s p r e a d s  i-ad i n i l  1 , i t s  d c t m s  i t

f a l l s  in - i pr’opoi’t ion to I /R ( R i s  t he m a d  i t u s  a n d  i cl i ’i t t  i i n n  I to

I in tb - i c- p x’c-v i o u u s  s ec t  i o n - i s I , w I~a I I s as I / ~~I ’~ nunu _ I t h i l l s  a i u i n u i ~

nt c ’t Ic I’ I c ’ I d  fa I I I rug as I /~
‘R w I I I m m  i n t l  n i l  n - i b n n  I an t i c - cl f I iis . 1 I i u _ ’

B r - i I l o u  i n - i  f l u _ - I d  1-e qur  I i’d t o  focus a bc-anti o I to It n l g c -  \ a n d  cii r’

n e n t  dent s It ~ . 1  ( A / c n n 2 ) I s I , ‘1 2 ,J ~~~~ ~~ C. For’ a I - 2 k t~ a m i d

1 , 1 ) 0 ) )  \- Im ea n u , t h u I S I 5 2 2  5 C at t h e  c a t  buode -  s u n  r ’ (‘ni ce’ - t h i n s  , o u r ’
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I I e u  t i c  . m S It Uts ‘~ ii ri i it c- ~t I tin gin e I m e’ I’ m c’ 1 u _ I (‘mm 1 1 nit g as 1 / F
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c o n ve r s  i o n .  The m a x i m u m  c h e m i c a l  c h a n g e  f r o m  c a r h o n a t  e

to oxide occurs in  t he  n e i g h b o r h o o d  of 900°C; the 1 ,11)0 °C

temperature is applied in order to assure complete conver-

sion of the coating , especiall y at t he  ends  or  edges of

the cathode surface , where radiation losses are greater

than in the middle.

The cathode has a hei ght of 0.025 i n .  and a diameter

of 1.972 in. which expands to 2.00 in. at operating temper-

ature. A rectangular trough was machined into the nickel

ring supporting the cathode (see Fi g. 53) and the tungsten

wire of 0.011 in. diameter was embedded inside it. The

cathode-heater assembly was sandwiched between two annular

pieces of ceramic (see photograph of ceramic rings in Fi g.

48) as shown in Fi g. 53. Since the nickel base might

exp and by 0.014 in. in radius at  operating temperatur e ,

space was left to accommodate expansion without cracking

the ceramic. A tantalum foil was placed over the heater

trough of the nickel ring to irt ini m i:e radiation heat loss

to the ceramic. Some tantalum stri ps were wed ged between

the nickel rin t~ and the ceramic supports to h o l d  t h e  r i n g

in its concentric position p ri or to cathode activation and

test ing. As the cathode eXj)aflds , t h e  tantalum ioi I com~

presse s together leaving room f o r  expans ion.

I n or d e r  t o con I i  no heat to t he ca t  bode and m i n  im I :e

leakage to t lie cc ram i c p 1 ate s , on I y a sma 11 part of t he

ceramic ring was allowed to contact the cathode -heater

assembly. Tb is was accomp i i shed by mach in i ng t ~ r~~ I og-~

i ii e ac h  of the cc ram i c SUppOrt r i rigs
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The heater t~ai coimiio cted as s h ow n  i n  H ~ ‘ . ~- l . I~t I o r e

i n s t  a I I a t i 011 i im I he  prototyp e RIfl 1V’J , an i dell i a I cat bode

li ca I Cr as emb I y was  t ested and p r o v en  to  have I l i e  c i i p ; i  i I i t  y

of p r o d u c  i ng a cathode t e m p e r a  t U re of I , I I S °( :  . At t h i

t e m p e r a t u r e  a h e a t e r  v o l t  age an d  current of 1 7 V a m i d  t~ . S A

( i . e . , about 1 50 l~) w e r e  req L i i  ied from t he ac p o w e r  s m i p p  I y

The t e s t  r e s u l t s  of cathode temper ature versus heater J Jt )~. ( r

a rc  s h o w n  as  f o i l  O W S

I ILATI i I t  l 1OV ~’I ~R VS . CAll R)flI~ T I i M P h R A l I J  R1

~~~~ P o w e r  Siij~p ly

Vol t age Cu r rent Power Cuth dc
(V )  ( A )  ) f en ipe  r a t  ore

5 3.8 1 9 . 0  Du l  1 Itad i at ion

10 7 . 0  7 0 . 0  8 o s0 (:

12 7 . 4  8 8 . 8  9 1 5 C C

15 8.2 123.0 1 , 000 ° (;

16 8.5 136.0 1 ,075°C

17 8 . 8  1 49 . 6  l , I I Y C

The r e s i s t a l i c t  m e a s ur e d  a t  i h e  h e a t e r  l e a d  p o s t s  t~as

0. 25 ~2 at r oom t cmpe r a t  ii re . The l ica t e r  w a s  i O s  i i  1 at e(l I i v i i i

th e cathode b y coat i ng i t  w i t 1~ a I ave r of  A I u i i d , i m .  -\ s

(l (J) I C t (‘d i n  F i g. ! 1 , th e boat er was wound in t w o  sec t  i

iii p a r ;i I l i i  ele ct n eal I >’.

(. 1octi siri ~~ I. I ce t rode an d  An O d (

As men t i oned ear  Ii er in ~ec t ion  I V , t lie round  w i re t ype

elect n od e s  WOU lii have been d i l l  i cu 1 t to 1101 (1 10 p05 I t  1 on

m n I do t h e  cc ra i n  ic ring. There fore a r i hlmn t ypo w re was

- 9 2-
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used as shown in Fi g.  53. ‘!Ii e computer resu Its are shown

in Gun Desi,~n II of Section lv.

Since the distance betwe en the cathode and locus i mig

electrode is very critical to the control of the heaiii en

rent , the machining tolerance plays a very important r o l e

here. Also , the heat expansion of the cathode n i c k e l  b a s e

h a d  t o  be cons idered before the grooves for the elcct r ode

a nd a n o d e  were  m a c h i n e d .

A J)IiotOgrap h of the electrode-anode assem b lies is

shown in Fig. 48.

1). C e r a m i c  P l a t e s

C o r n i n g  m a c h i  i i ab l e  g l a s s - c e r a m i c  (MACOR Code 9 6 5 3 )

with a diel e ctric constant of 5.92 was used for the insti-

lating substrate that enclosed the beani . The m a t e r i a l  is

readily machinable w ith ordinary tools and is easil y

polis he d. Two p a i r s  of plates with diameters of 9.1 i n .

and 2.924 ~~~~~~ , respectively, were cut and g r o u n d  to a

thi ckio~~s of 0. 125 in. It was intended that (lie smiw 11

p l a t e  ( o r  r i n g )  be r e a d i l y  r ep l a c ea b l e  if t h e d i ntcii ~~i omi c

of c a t h o d e , e l e c t  r ode  or anode have to he changed.

In  p l a c e  of the spi ra I RF c i rcu i t , a conduct I ng s t i r -

face was coat ed on the I a rge d i ame t c r d i sk sui . la ce ~

adjacent to t he be am reg i on , i n order to p roy i do p i - op e  i~

dc effects. TIi i s cons is ted of a chrome layer of a b o u t

1 ,000 A , depos i t ed  b e v a p o r a t i o n  t ec lini ques , fol I owed h >

a 70 ,000 X gold layer deposited by electropl a ting.

Ii  gri rc 4~ shows the la rgc - diameter ceramic p 1 at e a n d

i ts conducting surface.

— 9 4 -
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I . .  CoI lec to m

I he  co 1 I ect or cons i s ts  of f o u r  m a c h i  n e d  c o p p e r  ri mi .~

segiriem i t 5 ext e nding a round t h e  c i r c u m f c  r e m i c e  of (tie Jr I It

reg iOn . •-\s shown in F i g . 55 , t h e  co 1 1 oct or has a g r o o v e

o C w Id t Ii 0 . 1)5 (1 in . ( the spac  i ng hut we emi t lie cc m a in i c I ave I S

and a d e p t  Ii o 1 1) . 275 in . A gap sep a  tat ed t lie co I I cC I (i i

f ro m t he er ic  lo s  i ng  c h a m b e r , I ) 1 0V  i ding e l e c t r i c a l  iso I at i on

f r o m  a l l  o t h e r  t u b e  c o mp o n e n t s  so that ( I ) the c o t  l e c t u r

pot  cut i a I cou Id he dep res s~~d ari d ( 2 ) the co I I e~ I or  c i i i  r n  I

could he measured separate lv from the curr ent s due t o  p r ’

v i ous beam i r i te rcept i on . l a c h  of  the lou m a u g h  I an  s~~gliu m1 1 s

wa s el (ct r i cal I v j s ol  a ted  . I h  i s w as t o en a h  I e a s t  ra I gh  t

F o r w a r d  m e a s u r e m e n t  o f  t lie angu 1 a r symrn et rv of t tic rad i a I

h ean r  b~ compa r i son of the current S C o I l cc t 0(1 in t he seg -

nient s . One s l o t  between t~~0 UI t lie segment s was en I a rged

s 1 i g h t 1 v t o  a 1 1 ow cOnnect ion to t tie v acu iirii p i i r r r p a rid p muhe

access for poss lb Ic Cut  u re mn casu rern ent s . 11w co I 1 eel or

arid cat liode r in gs ma i i i  t a in t he (I . ( I ~I) I n • s pac I rig b e t  icecli

t he t W ( )  Cc t aut ic p lat e s.

l i i  Fcc l u I C c  a~ i t l o r i s  ~e Fe t a I~c ii 1. o Iii I 0 1~~ I :c s ~ ori d a i \

Clii i S S i ~ n at t he co 1 I ec t o m  d tie t o lea homha rdn i cn i I

1 . 1 l Ie i l l S  I tie o f  t lie co I lee to r groove t~ ; i s  coated i~ i t ii

a cot in i d a  I s u s p e n s I o n  of  grap h i t o  iii w;m t er I - \u iiadag) - l i e

re s n i l  t r i g  C d  r - h o m i  I a v e r  w o n  1~ I Ii’(It1C (’ t lie s e i 0 ? i ( !U  i v  cnn I I on

c oc f F I c i cut Iroiri 1 . 3 t o aim Ut (1 - S -
2 . Ihe end of t h e  gro ove was m ach i ned and auìg I i’d t o

de flect secondar tt .s .
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3. The  c o l l e c t o r  groove was rrra de Ii vi’ I lines deeper

than i t s w I d t Ii i n  or ’de r t o  t r a p  ur ios t seconda i v  c I cc (n orm ;

The c o l l e c t o r  i s  s h o w n  i n  F i g s .  18 arid S I

~~~~~~~~~ C h aur rb c r

‘l lie v a c hiuri i cl i amn he r coot :1 ins ( l i e e lee t r’omi g u n  ass erub  l v

and  w a s  f a b r I c a t e d  f r o m  t w o  1 0 .  35 I r~ . di aune t er d l ui r i i i nui iu

disks , one 1.25 i n .  t h i c k  and t h e  other (1 . 0 2  5 iii . t h i ic k

A s i n  F i g .  50 , a 9.1 in. dia mir eter , 0.625 i n .  h o l l o w  tca~

m a c l i  i lied i n  t h e  t h i  e k e  r oF  t l ie p i eces , t l i i i  ~ I~ rodtic I i i g a

t rough t o  c o n t a I n  the e l e ct  r u n  g u n

A roe t a n g u  I a  r g r o o v e  was  m ac l i  m e d  a r o u n d  t h e  ed ge o f

one p i e c e  t o  h o l d  t h e  V i t o n  0 - r I n g  wh 1 cli p r o c  i d e d  t h e

v a c u u m  s e a l .  This t y p e  oF s e a l  was s e l e c t e d  f o r  t h i s  ~it -o -

t o t v p e  R B ’ l W i  t o  p o r n  i t  r a p  i d a cce s s  t o  t he  elect ron g u i ~ f o r

m o d i f i c a t i o n  p u r p o s e s .

I l i e  cen  f o r  1)01 c p i e c e  w a s  i r i se  rt Oil t h ro u g h one  I n e h

d i a m e t e r  h o l e s  i n  t h e  c e n t e r  of  each  h a l f  o f  the ~ a C 1 1 i i i l I

chamber’ . A ga i n  , the v a c u u m  sea I was acc~ rirjn I I s lied w I t ii

V i  t o r i  0— r i n g s  i r i s t a i l e d  a r o u n d  t lie ce n t e r 1W Ic pi e ce .

A sm;i 1 I h o  1 e was m a c  hi i n e d  at on e c r i d  () F t l i e  v i i  t i u i n t i

c h a m h e  r p rec i so l v  a t t lie co 1 l e c t o r  r I u ig  I e v e  I t o ;i cce ~ I

t h e  F l a n g e d  c o n n e c t  i o n  t o  a c o n v e n t  i o n a  I v a c u i i i u n i  p u m p .  11w

s awe ap e r  t u i - c’ w o n  Id a 1 low the do v i Ce to be c o r n i c e  ted ( ( I  a

h i - ann anal v ~e r

Sea led  fe e dt  ii roughs  we r e  I u s  t a i l e d  on ( l i e  ~c iL 1 1 0 I t t i e

v a c u u m  c h a m b e r  Fo r’ t lie c o n u i e c  i o n s  t o  the va m i o u i s  c I e e l  r u d e s

and h e a t e r .
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SEC ’I ’ lO ~ v i  . TES’I ’ 01: F X I 1 1 lt I M I  N E A t .  ‘I ’ 1J ~~E

A .  t ’
~ perhiien t a I Set  ti p

The vacuu uni c l i a r n h e  r con t a I ii I n i  t lie e I ccl i-on i~u i i i w ;i s

f i rst t e s t e d  to d e t e r m i n e  v a c tutmut 1 I i~li t l I e s - ;  he Fore i t  w a s

m o u n t e d  u mi s  i do  t lie m a g n e t  i c focus i n i g  St  r u e  t i m  r e .  Fu n I h e

S en e :~ of  s t a t  i c t os t-~ , the ex~ie 1’ I n C h  t a I ( t i l e w ; t  :-
~ llluiiri I i ’d

on a v a c u u i n i  p uIm I ) i ug s y s t e m .  i V h i c i i  t l i e  l)~~O !)~ i v ;l Ciltlnnn had

been acl i  i ey e d  ( l o s s  t h a n  io 8 ,

~

, r ) , t h e  e a t  bo de w ’a:~ act I

v a t ed  (as  I n il i c a t  ed l)y a s u d d e n  p no s s n i  r e  I t ic  r c ;t s  (‘ at a

ca t  bod e  t empe  rat ui-c of  a p p r o x  i nnia 1 e I y 900  “ C )  . h u e  t ra r i o u : - .

e l e c t  r odes  w e r e  c o n n e c t e d  to  t h e i r  r e sp e c t  i ce p ower s u h l l l ) I l o s

a f t e r  t h e  act i v a t  i o n  p r o c e s s  h a d  b c c n i  e o i i i l i l e t i ’i]

A l l  m n e a s u r e i n i e n t s  we r e  t o  be taken i~.- i t  Ii th e tube o ln ,’r . - I t

ing in  a p u l s e d  m ode t o  n i i n i m i : c ’  ( l i e  h i c a t — d i s s i p a t  i o u

r c q u i r ( I u e m i t s .  ‘l ’he c u r r e n t s  i i i  the anode , the s i in n r .m l ;i t c i i

1ff c i r c u i t  p 1 a r i e s  and  eac h  of  t lie lot:  r ~ O 1 f e e t  or’  s e g m e n t  I s

w e r e  cl  o s el  v w on  i t o  red by me a  sti r i r ig  (lie vu I I  ag ,e a c i’ us  s I ow

v a l u e  res  i s to  i- s p l a c e d  b e t  w e e n i  ea cli e I ‘c. I rode a rid g u - o i l  id

O s c i  1 l o s c o pi s  w e r e  u s e d  to  measur e ( l i e  i i H r c r m t  S f o r  p I l l - -cd

mode op e r at  i o n . Si wee it w o u l d  h a v e h c~cui di I l l e i m  ii 1 o

e n s u r e  e l e c t  r I c a l  i so l  a t  i o n  h o t  w i ’ i - r i  t he  l u - a t  e r an ti e ,i I f r o t h ’

at h I .i:h volt age  levels , one  of  time h i t - a t  em’ I cad :; was con -

nect cd to t he cat hiode . An i sol a I ed ac pon~e r’ strp p I v t~a:;

used to one rg i ~c t h e Iiea t e r  and a ii i g li - vu I t  a ge  1) 1 1 1 so g er m

crator was used to app lv ti m e volta g e pti i -CS betw een the

groun ded e b e t  rodes and ti ne i so I at i’d c a t  hi o de — h i e ; u t  e m . ; i s s i ’ r n u h i  lv
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The pu I se g e n i e  r a t  or has t lie cap ;ih I I it v of ~ n ov  i d i r i g  ( 1 . I

pel ’ccni t to 2 p e r c e n t du t  V C C  Ic pu I sc- s ove r ’ a u’au ige o f

I )  \ to 2 K V .

I l i e  t es t so til l ) I s shown i n I I g. 57 amid a p lu ot og r a p h u

i s  g i v e n  i m i  F i g .  58.

B . I l i s c uss i on of  t h e  P r o h i e r n i s

The  c x p e r  i r n i e n t  f a i  led  t o  p r o~’ i d e  s i  i~n i i i  c a m i t r’ e s l i  I t s

due  t o  t h e  f o l  l o w - l o g  p r o b l e n i n s

One o f  t h e  h e a t e r  w i i-es w a s  b r o k e n i  ; t h u s , omi I v

h a l  I of  t h e  c a t h o d e  was a c t  i v a t  oil and oper ated.

2 .  \ r c k c l  p a r t  i d es e v ap o i ’ a t c d  f r o m  t h e  c ; i t l i o d e

and  depos i t e d  on t h e  c e r a i n n i c s u r f a c e  h e t w e e m i  t h e  c a t  l i o d e

and  a n o d e  • Tb I s t Ii I n F i in n  o f  n I e ke  I c on s t  i t  r u t  ed a c u r r e n t

• p a t h  h e t w e e m i  t h e  c a t  b ode  an d  a n o d e  w h e n  a m i e L ~ i t  ice Ii i n ~lr

v o l t a g e  w a s  a p l ) 1  ied to the cathode.

• 3. L e a k s  do vi ’ 101)0( 1 I i i  t h e  v ; t c  u u n n  i’tjui I p rn ie n i  t a f t  i - n ’  I l ie

c a t h o d e  had been  a c t  i v a t e d .

t h e  f i rs  t p r o b  k- rn oct- n u n - r i d  s h i o  :t  I v a ( ’ te n I lie h e a t  t- F

h a d  been  o m i e r g i z e d .  ‘l i ne  u t  l i i i p r o b l e m s  o t i m u r r e i l  SoVcr ’;I I

hour’s 1 a t  en  dr i  r I ng ; m mi  e ‘. t e n d e d  p u m p  — dow n i I’D F t he  pu r po~ o I

d e g a s  s I ng t hi - t nbc ’ Un fort lln ;i t e I v • eu m ’ roe I i cc act u on a m i d

p t es t I u i g  w i s  r io t  u - - -
~ i 1) 10 w i t  Ii I ni t h o  sc ope  o F t ho t out rae

C. Ro e o m r u m e n i d e d  So! ut i o n s  t o  t h e  P h - oh )  1 emn r s

\ I t  h o u g h i  I i ri ft ’ a r i d  b u d g e t  i i i  d n o t  a 1 l o w  t o u t i n i n a  1 ion

o f ’ t h e  ex p e r  I m e n t a  I m n u c a s u r e n u e n t  s , s o u r u e m od I f~i c’at i o n i c h a v e

b e en  d c v i  sod t o  o h i u n  i n a t e  t l ie  p r u h  l oin s c ’n c ot i u i  t i ’red .
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-\  I ~ir g e  m ’ d I a ri iet  c-r h e a t e r  w i re sh i o u  Id h o n i s o d  . I .  \ mi: i  I ml -

a t  i o n  o f  the fai l ed  h e a t e r  s ho w e d  som e n t - e k i n g  d o w n  h a d

o c c u r r e d  a t  t h e  p o i n t  o f  c o n n e c t i o n  t o  t h e  h e a t e r  l e a d .

I t  i s  h e l  j e v e d  t h i s  l ed  t o  t h e  s ub s e q u e n t ía m lure. “lu - - I

o f  t h e  l e a k a g e  a p p e a r e d  t o  be i n  t h e  v a c n a u n n u  c o n n ect  u o i i - ~

e x t e r n a l  to  t h~ tu l) e ai~d a r e  eas  i I v  c i  i tu i i m i a t e d .  I t o w i ’ v c’ m’ ,

a l l  l e ed t h r o ’L ’h s  , co n n e c t  i o n s  and  j o i n t s  s h o u l d  n’ ece i ci- a

c o a t i n g  of  s e a l a n t as a d d e d  p r o t e c t i o n  a g a i n s t  l e a k a g e  :it

h i g h o p e r a t i n g  t e m p e r a t u r e s .

I t  i s  d i f f i c u l t  to  P r e v e n t  t h e  d e p o s i t  o f  n i c k e l

p a r t i c l e s  on t h e  c e r a m i c  su r  f a c e  a r o u n d  t h e  e a t  I t o d o  a t e a

h o w e v e r , m a c h i n i n g  s e v e r a l  g r o o v e s  in  t h e  c e r a n n n i c  r i n g

a r o u n d  t h e  c a t h o d e  w o u l d  i n s e r t  d i s c o m i t i n u i t i o s  i n  t h e

t h i n  l i i  inn c o n n e c t  ion  b e t w e e n  t h e  c a t h o d e  amid a n o d e  . I i g t u  no

59 shows  t h i s  t e c h n i que  w i t h  two  g r o o v e s .

I ) .  C o n c l u s i o n s

.-\ I t h o u g h  t h e  i n i t i a l  t e s t  d i d  riot p rot - - I do use  f u n  I

e xp e ri m ental resu lts , a g r e a t  d e a l  o f  v a l u a b l e  e x p e r i e n c e

was ga I ned dti r I rig the fahr I cat i om i and n b a  su r e m e n i t  p n ’oc , ’ d u m  r e - ;

I t  1 5  1) 01 1 ovc ’ d th a t the mod i I I  c a t  i u r i s  do s e  r I b ed : m b o v i -  w ould

a I I u t~ s u c c es s  lii I co nn i p J o t  i o n  ( )  I ’ t I r e  I es t . ‘!‘ Ii i s , I mi I u m n ’ nu

w o u l d  p n ’ O V  l i l t ’  c c i i  Ii c a t  I on o f ’ t h e  d Ol n i l ) U t  er  P r’ i’d i i ’ t : 1 1 1 1 5

I l l - h
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SLc I ’ IO N V I I  . COi\’CI ( l S  IONS AN II RI-(;o~-P-tl \lt\ I’ I I INS

FOR FlI ’I ’[l R I S’I IJ flY

A. tnt roduct ion

The wo rk r e p o r t e d  i m i t h e  pr c ’cecl  i l i g  Sc - i t i o n s  i s  u-cc I c t , v d

brie liv h e r e  an ( l  t lie m e s t i  I t S are sum nn la  i ’ i  :ed . gu :; 1 - n - ’ n :n ’ k-nn —

d a t  i On s f o r  f r i  ( t i r e  s t  r ich >’ a no om it I i ned  -

B . St i rn in ia  nv of  t Ii i s St t id y

T h i s  st u d >’ d ev e l o p e d  p r a c t  i c a l  des  i g n i s  o r  p r - u t  ( I n  YJ ~
_ ’

v er s  i o n s  o f  an c ’b e c t r o u n r a g m i e t  I c  f o c i i s i  ng  St  h i l t  t 1 m m  e ; mniJ t

r a d  i a l  b e a m  t n - a t - e l  i n g — w ’ a v e  I uh e  e l e c t  u - o n g i l n i  . ( ‘ on l l ~ I l l t  v u

s i m n u l  a t  i o n s  tce re used to clevc 101) ho t  It t l i t -  e h e e l  n O~ ’ I  ‘,ii ( ’ i t

f o c u s  i n g  s t r u c t u r e  d e s i gn and  t h e  e l e c t  n on  g u i n i  !t ’ :- 1 : 1 1 .

h i  t b  t h e  l)e f o r m a b l c ’ M e s h  I i l e c t r o m n t a g n v t  t i - _ i  - rn I n  o g r . c u .

t l ie magnet i c I i  i’ I d  h a s  been  c a l  eri l ;it cd  a r i d  s h i a i ~~’ tI . I I

r e s u l t s  h a v e  L i c e ni  c o n f i  r’med by n n o a s u r e n n o n t  a n d  - . r i p p  I ( I I  . 1 : -

t l ie  i n p i n  t d a t a  t o t lie gou t  do:; i gn i rog ra w

A I) e f o r i n i a b  i i ’  Mesh  Rail i a I B ea m n i  I~ l i - c t  ro u i  ( i m i i  l i es I

P r o g r - arn i h a s  b e e n  devi ’ i oji ~~iI by S Al  and  sc- i - cod  ; m - ;  a I i m r n d . i

n u e n t a  I t ool  t o  1~ t h e  gun  des i gmi . ‘I li e p rog m a n n  w~i -; n u t  i I I

t o  a n a l y: : e p r a c’t i c a l  e l e c t  rod e  s h a p e s  an d  ih- t on - inn l i i i ’  o p t  l e n i n i ;

~ 0S I t I 0 05 .  ‘l I R -  o f  fec ’ t s of  i- a t  b ode  g e o r n n e t  n u i ’ s a r i d  t a  u i  on - ’

elect rode v o l t  ;o~e-’; on the beam current l i a v u ’  a I ~~ been

I f l V ( - ’~ t i y a t  ed .  I t  w ;m s foum i d t h a t  t lie b - ; i m n  c m i  m e r i t  i V O  n o

S on s  it i ye to t I n ’  f l O S i t  I on an d  v o l t  ag e  of  t Ii i -  Foe u s i u r g  o I t - c  .

I r od e .

A final desi gn wi t h i a w e l l  F o c u s e d  h e ; mnr i  h i a - - been r- c~- uunu

niu c’ m i d  od a m i ii an cx per I i n n om i  t a I t i n  ho him i I t  — ‘I’ lic I i nn I t  od e omi t n a t  I

- 1 (Ri

- -  - -
- 
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period did not allow sufficiem i t time to  carr y out a suet ec~ ;

fu l  e . xp c -  F i mime ut t  -

C - R e c o m m e n i d a t  i o n s  f o r  F u t u r e  S tud y

‘I h e r e  a re  s e v e n - a l  i n t e r e s t  i mi g a r e a s  w h e r e  i t  i s  F e I t

t h a t  f u r t h e r  t h i e o  re t  i ca l  ami d eXpc ’ r I m ie n t a 1 s I~nd> wo rm I d lu

l ) l f l e S f j c j a l  i n  t h e  d e v e l o p m e n t  o f  t h e  Rl t ’I’h~ I .

‘i’he mos t  i unpo r t a n t  o f  t h c ’s e  i s  t h e  d e v e l o p r n i e n t  o f ’ a

l a r g e  — s i gn a I ana l  vs i s p r o g r a m  wi t I c h  t rca t S 1)01 Ii un i I n  r r n i

and n on u n  I form magnet  i c I i  o l d  cli  s t  n i  but j o i n s  . ‘I t i c  amia l y s

dove  loped b y K o o v er s  and Sh aw 1 has 1 m i i i t e d  app I I c a t  11)11 5 n m i c e

i t t r e a t s  o n l y -  one p a r t  i c u l a  r t > p e  of  b e a m  F I ow is ii I c- h i  i s I mi

a un i form m a g n e t i c  f i e l d .

A n o t h e r  a rea  of  ‘i n t e r e s t  is  a s tud > ’  o f ’ t he I’e a s i h i l i t v

of us ing P e r m unano n t  m a g n e t s  f o r  t h e  RI3TIV’l l o c u s  i n i g s t  n o e l  mm rc

in  o rder  to reduce we i g u t  . A lie fo r m a b l e  Mesh Pc rrml a nieni!

M a g n e t  Des i gn P rog i- ai im s i nn : l i a r  t o  t h a t  d o s e  r i be d i l l  Sc- c I I o m i

1 1 1  s h o u l d  he d e v e l o p e d  For  t h i s  I ) U 1’I ) Osc

F m a  I l v , ami c - I  oct  ros tat u c a  I 1> -  f o c u s e d  b e a m  rni ; m v hi ’

w o r t h ~- o f  i n v e s t  ig ;i t ion , c - s p e c i a l  I >  For hi l l i e r ’ op en -at mri ~

f r eq ue r i c n o s .  - \t  h i g h e r  f m ’ e q u e m i e  i t ’ s , t i m e  p hi >’ s i c ~~i I l i ’ m i C t  hi

o f  t h e  d n - i f t  r e g i o n  ca l u  h ) ( -  r e duced  d r a s t  h a l  I t - . I t i e u c ’ iu r i ’ ,

eve n  w i t  bout he m a gn e t  i i’ I ’ m i - I d  , t l ie e l i - i t i’o m i I r e a m n  m a t ’ 110

a b l e ’  t o  n’ eac - h u  th e c o  I I e c t o r  he I ’o r e  he I h g  I m i t t ’ m ’ e o p t  ccl . iii i s

i s  f u r t h e r  cv I dent From I- I g . I w h i  i cli shuic s that I he
I

c 1 c- ct ron beam m s m i ot I n i t  e n c - o p t  ccl i n  a sh i o  n’t  i i i  s t  :m r i c e  C ic - r n

w i t h o u t  t h e  f o c u n s  i m i g  m a g n e t i c  F i e l d .  C o m n i p t i t o r  a n i a I ~ ’ s c ’s s h i o n r h ~ I

hi ’ com i duc  t ed  to  dot  ennui i no t he lea s i hi l i t  ‘v of ’ c i  oct n-os t a t  i e

e l e c t  ro n gun d e v e l o p m e n t  Fon -  ii 1g b I requenc  t- tub es
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1~ I S’I ’ 01: SYM B O l S

S
~>’mh

o I

A Vec t or 1)ot c-nt I a I of rnlagne t I c f ’ i  0 I d

A 0 0- e o i n i p o n e n t  of v e c t  or p O t e h i t  I :m I

a 
+ ( 1 / 2 )  

Qua~~i’ i i  a t o n a l  a r e a  (‘or t r l a n g  I c  j 4  (1/ 2  1

B N a g i i e t  h e  i n d u c t  i o n

r - c o m n p o n i e n t  of v e c t o r  B

B z - c o m p o n e n t  of c-~e c tor  B

il l i ) i s t a n c e  b e t w e e n  c a t h o d e  s i i m ’ I : l c c -  a u t h  l o c l i s l i l
e l i - c t  i’ocl e

d I) i s t a n ce  h o t  ts c’ch i c a t  h i o d e  so u ’ lacc ’  and ; i n o d c ’

I E l e c t r i c  f i e l d

r — C o m p o f l e  n t o f  vec’ to  r I:

I 2 - COmpOhion t of  \( O C t O I ’  I -.

C
0 Res I d int  i in so I c - i r ig th e - Po I :; son ‘ S c-qua  t I On i

hi ~ lIe i g l i t  of  the f o c u s  i rig e l e c t  Foi h ( -

h , l Ie I gh I of ti n e a m i oil c

hi l I t ’  1 ~ht ui t he ca I hiuth c’

l u n d  c- x o I n i Oil c i mi coo  I d  1 m m  a t C ru t ; : P

C a t  hodi- c i i i  r en t i l o n i s  l i v

j I undo .x ( i f  n od e- I mi c ’ou n d  I ui ; m It- n i i ;u I’

Di- l i i i  i-i l a : ; -1 / 9

m m N i n u t i h i c -  u ’ o f ’ u i -  I a , t  I 1 1 ) 1 1  — - I c-ps

1 lot -a I i u r n o f  1 r i h-ct F o u l

P - !~1e~~hi n o d e  ni e I y l m h ~~i n i i i :
I - - 0

I )  - Mo s hi node nic I p hiho r n i l  g I’
1 +]  0

— 
Me ‘- I t  mi (md c’ m u , ’ i g li b -  I ’ i mig

1’ Mc sIn node he I rig ri I a ‘ed

- 1 1 0-
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I I R H  hi uclidean norm

R Radius of cathode ringcath

First de r i v a t i v e  of r w i t h  respect to time

Second d e r i v a t i v e  of r w i t h  n’ c -sp ee t to t u n i c

( r (R) Coordinate i n  c y l i n d r i c a l  sy stem

r~ r- c oordinate s of six su n roun d i m i g n odes around
node o

r - r -coordinate of point P .1+ 1 i + I

r. r-coordinat e of point P .i - I i - i
i- -coordinate of the  node o b e i n g  r e l a x e d

r n’-coord i nate of P o i n t  Pp

r 11 r - c o o r d i n a t e  of  the node h e i m i g r e l a x e d  a f t e r
0 n u t h  r e l a x a t i o n

S Source terni in Poisson ’s equatio n

V Potential

V V o l  t a ge  at  a m i o d ea

V h Voltage of electron beam

Voltage a t  c a t h o d e

‘C 
Voltage at focusing electrode

V . Potent i a l  a t  node i

V Potential a t  Point p

V n Pot c -nt ia l at  node o after nt h i -e [;mxat iom i
0

t~ci g li t in g factor between n ei g h i ho n ing p o i m u t s
1)

0 
a nd P 1 i n  solving the Po l  sson ’ 5 oq uat I oni

w 1 W i d t h  of the focusing el e ctrode

w 2 W i d t h  of the anode

I I I -  

-..

~~

-- - -

~~~~~

- - ‘ -  -

~~~~ 

-



h - i  rst dc -ri eat I ye of t-. i  t l i r (’sj )c-ct to tine

Second dc- n I vat i y e of 2 w i t  Ii no sitec I to I I nine

z ( )  Coord I nn a t c- i ii cy l  i n d r  I ca l sy s t  ciii

z Z - -~ (0 rd I nat c of i x so r rounid in g node- s a n on un d
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